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Abstract

:

Timber structures in construction have become more popular in recent years. Nevertheless, besides the complexity of designing, contracting and building these structures, a barrier to their market growth is the complexity of their supply chain relationships encompassing architects, engineers, builders and suppliers. The objective of this study is therefore to identify and characterize the supply chain relationships shared by these stakeholders within a massive timber construction project. Twenty-seven semi-structured interviews with architects, structural engineers, builders and timber element suppliers from nine countries, participant observations and secondary data were used to study the various relationship levels involved in timber construction projects. Triangulation and qualitative data analysis were also conducted. Three levels of relationships were then identified: “Contractual,” “Massive timber construction project” and “Massive timber construction industry development.” Results showed that timber structures involve value-added stakeholder relationships rather than linear relationships. These relationships appeared closer and more frequent and involved knowledge and information sharing. Furthermore, prefabricated systems allow for smoother relationships by limiting the number of stakeholders while promoting innovative thinking.






Keywords:


collaboration; construction; supply chain; innovation; interviews












1. Introduction


Ever since the industrial revolution, concrete and steel have been the dominant building materials used for most kinds of buildings. Except for the residential sector where timber structures are predominant in many countries such as Canada, USA, Scandinavia and UK, most institutional, commercial, industrial and residential multi-story buildings are erected on structures made from concrete and steel. Since the 1960s, engineered wood products, which can be defined as manufactured products optimizing wood fibres, have been entering the structural material market. Manufacturing methods were developed to eliminate or distribute the weaker characteristics of wood, which gives a more homogeneous product whose mechanical properties are improved in comparison to traditional sawn timber. Higher quality, resistance and dimensional stability can be obtained with engineered wood. In this paper, the word timber is used to define wood used as a building material. Inspired by the traditional use of timber from the beginning of the century in many countries where trees were transformed into single-house structural pieces, modern engineered wood products have pushed boundaries in terms of use, strength and structural possibilities. Pieces from smaller trees glued together are now offering more building options. Nowadays, timber used as a structural material is a growing market [1,2,3]. This growth is partly explained by timber’s carbon sequestration abilities and its contribution to sustainable development [4].



Although the use of timber as a structural material has increased in multi-story family and non-residential buildings, it is still not as common in practice. There exists a variety of studies aimed at estimating the market share of tall and large structural timber buildings. The most recent data indicate that in Canada timber is selected between 18% to 24% of the time for structural uses [1,2,3,5,6,7]. The existence of barriers preventing a massive use of timber as a structural material for multifamily and non-residential buildings, has been demonstrated and most have been identified. Gosselin and al. [7] through a methodical use of extant literature, have shown these barriers to be divided into six categories: code implementation, technology transfer, costs, material durability and other technical aspects, culture of the industry and material availability.



Since the fifth barrier category does not seem to have been fully addressed and since an industry’s culture has an impact on innovation adoption, this paper focuses on the “Culture of the industry.” This expression is defined by the social behaviours and norms found in the timber building industry. They minimally include the relationships between stakeholders of structural timber building supply chains, stakeholders’ respective knowledge and their experience gained through time and projects. The first objective of this research is to identify and characterize the relationships developed between stakeholders in the supply chain for structural timber building projects. The purpose was also to identify enablers for the use of timber as a structural material. Interviews, participant observation and secondary data analyses suggest that the number of relationships developed during a construction project tends to be multiplied when using timber as the structural material while highlighting how networking, collaboration, procurement modes and prefabrication enable its use. Therefore, even though the supply chain structure for timber buildings is well-known, the interrelationships between stakeholders represent a great research opportunity.



The paper examines these interrelationships as follow. First, the construction supply chain is defined and detailed. Subsequently, the methodology used to identify and characterize the relationships developed in a project involving timber is presented. Results follow and are then discussed before concluding.



1.1. Defining a Construction Supply Chain


To define a construction supply chain, it is interesting to examine the supply chain management concept (SCM). This concept came about in the 1980s. It suggested a new way of thinking to enable better performance of the supply chain by “managing the associated relationships to deliver value, through innovation and continuous improvement” [8,9,10,11,12,13,14]. In 1985, Porter [15] developed the concept of “value chain” with an underlying idea that members of a chain should focus on delivering value from their combined activities. Indeed, members of a value chain share relationships in order to deliver increased value. In this paper, the term “supply chain” will be used. According to Meng et al. [16] supply chain relationship models were first developed in the purchasing and supply sector in the mid-1990s and were then integrated into the construction industry.



Multiple studies have been carried out in response to reports strongly criticizing the construction industry in the UK [17,18,19,20,21]. The largely sequential approach used in a construction project typically supports a lack of integration between design, construction and maintenance methods, leading to inefficiencies, inferior value and poor margins [22]. Attempts were conducted to improve the performance of the SCM but challenges remain in the adoption of the proposed methodologies and concepts, often associated with a lack of new and more systematic approaches to its implementation [23]. Furthermore, trying to demonstrate the effect of relationship management on project performance in construction, Meng [24] found that the deterioration of relationships between project parties may increase the likelihood of poor performance.



Many studies have been conducted on the factors influencing the construction supply chain, looking at better supply chain integration, strategic partnerships and collaborative agreements between supply chain actors [22,25,26,27]. Some authors highlighted the fact that supply chain management, partnerships and collaborative work have partly been adopted by the industry as a means to improve relationships and thus performance among stakeholders [28,29,30,31]. Few studies have aimed at describing the relationships that are developed within the supply chain itself. For instance, Akintoye and Main [30] demonstrated that UK contractors share collaborative relationships to develop the construction sector. Meng et al. [16] suggested eight criteria to evaluate the maturity level of a construction supply chain: procurement, objectives, trust, collaboration, communication, problem solving, risk allocation and continuous improvement.



Procurement was identified as a key criterion since it heavily affects the construction supply chain. The type of contract procurements or project delivery system under which a construction project is completed certainly influences and often defines the relationships involved in the supply chain. Many types of contract procurements co-exist in the construction industry around the world. Kantola et al. [32] argued that the “most traditional and commonly used project delivery system worldwide is the design-bid-build system.” This mode is mainly characterized by the linearity of the scheduling process and the separation of the design and the building steps. Figure 1 was presented by Broft et al. [33] to visualize the current procurement structure in the construction industry.



Following the linearity of the main procurement mode, from concept design to construction, the building project goes through many construction phases. Behera et al. [14] proposed the Figure 2 to represent these phases in a typical construction project.



Some years before, Klein [34] studied facade designing of buildings and their construction process using this model—see Figure 3.



The back and forth arrows seen in this figure can be partially explained by the information sharing during the construction process but also by all kinds of interactions occurring between stakeholders. To complete a building, many actors must work together or at least share information, knowledge, work time, material and money. Figure 4, suggested by Hui [35], represents and attempts to explain the situation. It shows the information exchange between parties throughout a building project.




1.2. Defining a Typical Structural Timber Building Supply Chain


Therefore, the literature suggests that a typical construction supply chain has mostly been studied and mapped from a linear perspective that includes many stakeholders and encapsulates various relationships. Behera et al. [14] stated that: “The typical supply chain for any given construction project could include architects and engineers, main contractors, specialty subcontractors and timber elements suppliers that come together one time to build a project for a specific owner.” Based on these figures and a list of stakeholders from Behera et al. [14], this article proposes the following representation of a typical structural timber building supply chain, illustrated in Figure 5.



Figure 5 represents an international typical supply chain for a timber building where the timber structure is either a light frame or massive timber building system. A typical structural timber building supply chain can integrate either six or five stakeholders depending on the construction mode. These two options are represented in Figure 5. Typically, a real estate developer needs an architect to design the building and an engineer to draw and calculate the structure. Another contract is given to the main contractor who will hire a variety of sub-contractors integrating a builder. Ultimately, a last contract is given to a structural timber element supplier to produce the timber elements needed for the structure (left path). In fact, from the main contractor, the project will either go left (path with 6 main stakeholders) or right (path with 5 main stakeholders) because in some cases the main contractor hires a supplier also offering building services. The next section presents the methodology used to study the structural timber building supply chain.





2. Methodology


This study was conducted to answer the two following questions. What are the relationships involved in structural timber building supply chains? What would facilitate greater use of timber as a structural material? The hypothesis is that relationships are numerous and an important aspect when building with timber structures but their exact influence is not yet known.



2.1. Research Design and Data Collection


This research is embodied into the positivist and post-positivist paradigm thus in a logical-deductive and grounded theory form [36]. A multi-method data collection procedure was used to seek an answer to the previous questions. Interviews, participant observation and secondary data were the three methodological tools used. The interview sample will first be presented and then the details of the interviews will be given. Information about participant observations will also be provided. Finally, the associated secondary data used to complete the dataset will be detailed. The section concludes with some explanations about the data analysis that was conducted.



2.1.1. Sample


Since the research addressed structural timber building supply chains, the first step was to determine the sample of timber buildings to consider. Tall and large timber buildings made with timber structures was the first criteria. Fifteen well-known timber buildings in Europe were selected based on the level of information available on these projects. An effort was made to diversify the sample and include different types of buildings: multi-story, cultural centres, as well as institutional and offices buildings. However, the sample includes a majority of multi-family buildings. The sample also contains more buildings constructed with massive timber as opposed to light frame systems.



Then the architects, engineer, builders and engineered wood product suppliers that contributed to these timber building projects were identified. The actors were contacted by e-mail, through personal contact information found on LinkedIn, a professional social network and with help from the responders themselves. Following this process, twelve interviews were scheduled. A snowball sampling technique was used to reach a second wave of key players and set up more interviews [37]. Fortunately, chains bring stakeholders together and they end up knowing members of most of the other companies in their area. Companies that had worked on other timber structural buildings were referenced and integrated into the sample. In the end, the list of supply chain actors contacted had worked on a more diversified sample of timber structure buildings than those listed in Table 1. All companies met appear to be leaders in the field since they are among the first to use timber structures to erect a building. Altogether, sixty-five companies were contacted and asked to participate in this study while twenty-seven agreed. As presented in Table 2, the sample included nine architects, six structural engineers, three builders, three engineered wood product suppliers, three suppliers-builders, one wood board supplier and two timber building technology developers. Seven members of the Wood Sciences department or the equivalent from four universities were also interviewed.



The number of respondents was determined by the principle of data saturation, which stipulates that samples are complete when they no longer generate new and relevant information to current research [38,39].




2.1.2. Semi-Structured Interviews


Three months between mid-February and mid-May 2017 were spent in Europe to visit every respondent at their office and conduct interviews. Semi-structured interviews were the first methodological tool used to conduct this study. They were formal and individual. For this type of interview, meetings were scheduled with the interviewees. The interviewer asked open-ended questions designed to enable the interviewee to express his or her feelings and interests. Each new question was adapted to the answers given by the informant to deepen the subject knowledge and to better understand the information [40]. During the interviews, the investigator’s goal was to orient the discussion ensuring it remained connected to the research themes. The interviews were centred around two major themes: Previous experience working on a specific timber building and relationships involved in the process. Each theme was broken down into different variables. The first variables were the enablers and difficulties related to the interviewee’s experience of working on one or two specific timber buildings. This way it was possible to understand whether relationships were part of the drivers or constraints to the use of a timber structure in the buildings discussed. The other variables were linked to the business model, strategic vision and actions of the organizations. The questions were based on three elements composing a business model as described by Osterwalder et al. [41]: Customer relationships, channels and key partners. The information gathered from the interviews was completed by participant observation and secondary data.




2.1.3. Participant Observation


Participant observation is a tool used to understand social phenomena and its mechanisms by seeing it from the inside. The idea is to enter the studied area and to get as close as possible to its actors [42]. As previously mentioned, three months were spent in Europe to visit twenty-seven companies in nine European countries either in their respective offices or in buildings they had constructed. Some engineered wood product plants were also visited.




2.1.4. Secondary Data


To complement information, secondary data was also gathered. Using unpublished data can provide golden information but has to be collected rigorously [43]. It was done before, throughout and after the stay in Europe although written and indexed information was rather difficult to find. Before every meeting, the organization website that was to be met was visited as well as other webpages in order to contextualize the coming interview and buildings that were to be discussed. Also, some company reports and technical booklets were given by representatives of the companies themselves. When needed, more information could be found on the internet after the interview.





2.2. Qualitative Analysis


To analyse the data, a qualitative approach was adopted. Qualitative data analysis is based on everyday life experience and on common sense. According to L’Écuyer [44], this method consists of describing the specific characteristics of different elements (words, phrases, ideas, etc.) grouped together into categories, which emerge in addition to their quantitative meanings. The essence of the phenomenon studied resides in the nature and in the very specific content of the material analysed, rather than only in its quantitative characteristics.



Qualitative analysis is the main thread of content analysis in its search for meaning. It consists of a careful description of the various particularities which emerge from the compilations [45,46,47,48,49]. Comprehensive field notes were taken while conducting the interviews. Notes were about the interview content and about the observations made in the offices, plants and buildings visited. These field notes were complemented with information from secondary data. Therefore, twenty-seven field note resumes were written during the field work. Content analysis of field notes and secondary data was rigorously conducted to ensure reliability and validity of results [50,51]. A systematic procedure was followed to ensure the credibility of the research [52]. According to the research variables described earlier, a code system was established and coding was performed [53]. Three types of relationships were found: contractual, project related and for industry development. They are presented in the following results section.





3. Results


In this section, results of the interviews, participant observation and secondary data are presented. The relationships that occur among the stakeholders when working on the completion of a timber structural building and within the structural timber building industry are identified and characterized.



3.1. Relationships between Stakeholders in a Structural Timber Building Supply Chain


The data collected for this study clearly illustrated how innovating and building with a timber structure requires a multitude of strong relationships. The literature mentions the third tier of the construction supply chain as having been the most investigated, while research across the upper two tiers has been limited [54]. However, it has confirmed that providing longer-term stability between the various parties brings benefits [28]. The observed relationships were divided into three levels of interactions. The first level was called the “contractual (C)” level, since they are mandatory exchanges for the construction of a building. They are linked to the contracts themselves therefore such relationships occur in every building project. The second level of relationships corresponds to the “timber building project (P)” level. As explained below, they mainly exist to compensate higher risks and uncertainties involved when building with a timber structure. The third level of relationships refer to the “development of the structural timber building industry (I)” since they exist to popularize the structural timber uses in construction. The relationships between stakeholders of structural timber building supply chains discovered through this research are represented in Figure 6.



3.1.1. First Level—“Contractual (C)” Relationships


Results indicate that “contractual (C)” relationships coexist throughout the supply chain of the timber structural construction industry. The black arrows in Figure 6 represent the relationships developed between members of a typical structural timber building supply chain. C1—the real estate developer will need an architect to conceive and design the building he has in mind; C2—then the architect needs an engineer to make sure the design proposed will be structurally sound and to draw the structure in detail; C3—the main contractor will receive the plans conceived by the architect and the engineer; C4—the main contractor will need a builder to build the structure; C5—the builder will need to find some timber building material. The supplier is there to produce and provide it; For the five stakeholders structural timber building supply chain path mentioned earlier, C6—the supplier integrates the building service into its value proposition. The supplier-builder will then use the plans provided by the main contractor to erect the structure using their own material. Again, these relationships occur in every building project no matter which structural building material (concrete, steel or timber) is used.




3.1.2. Second Level—“Timber Building Project (P)” Relationships


The interviews revealed the need for more involvement from stakeholders in the building process when it came to a timber structure. Additional relationships therefore become part of the model. Referring to the law of diffusion curve developed by Rogers [55], they seem to mainly exist because structural timber buildings are in the early phase of innovation adoption—see Figure 7.



In 1962 Rogers came forth with his seminal work on the diffusion of innovations which studies individuals and their social systems in relation to the adoption of innovations. An innovation can be seen as an idea, practice or object new to someone [55]. The process of adoption then becomes the mental process by which the individual will materialize this idea or practice. According to Rogers [55], “diffusion is the process by which an innovation is communicated through certain channels over time among the members of a social system.” Communication is a “process in which participants create and share information with one another in order to reach mutual understanding.” Since any innovation integrates risk and uncertainty, individuals attempt to reduce them by obtaining information from each other. This is what currently happens throughout the supply chain of a structural timber building. Since building with a timber structure is still new and not yet standardized, stakeholders share information in order to protect themselves, reduce risks and uncertainties. In fact, construction innovations are strongly influenced by industry relationships [56,57]. Dubois and Gadde [56] describe the relationships in construction as ‘loose couplings.’ This describes the temporary coalitions of firms and individuals that come together to complete a project and then disband. Also, Blayse et al. [58] explain the situation: “The importance of relationships lies in their capacity to facilitate knowledge flows through interactions and transactions between individuals and firms.”



“Timber building project (P)” relationships are represented by the blue arrows in Figure 6. A special link exists between architects and suppliers and another between the structural engineers and the suppliers. A relation between an architect and a supplier-builder was also pointed out by the interviewees.



P1—Relations between Architects and Suppliers


From the data collected, the need for a supplier’s early involvement in the structural timber building supply chain was obvious. One said: “we were involved in the project very early so that we could assess the engineers and the client and the other parties early on with our expertise in timber engineering and timber installation” (A016). Since engineered timber is a fairly new product and not everyone is used to working with it, suppliers want to be involved in the design phase even if it represents an additional cost: “we participated in those meetings and in that creative phase without getting paid” (A016). By doing so they want to ensure that the architects will design their buildings having in mind the possibilities or particularities offered by structural timber products: “if they told the engineers and architects that you have to make the plans without any influence of any supplier or installer at all, then it would have been very likely that the design would have been too expensive or maybe too risky to price because we don’t know the plants good enough or well enough” (A016). Like any other building materials, timber will enable some shapes and key attributes while making some others more difficult. If the suppliers are involved in the concept design phase, less plan corrections and back and forth communication between the design team and the suppliers are likely to be needed thus saving time and money.




P2—Relations between Structural Engineers and Suppliers


It was the same case with the structural engineers and suppliers. As expressed by the quotes in the previous paragraph, suppliers also want and need to be in touch with the structural engineer early in the process. Here is another important point to understand when building with timber: two structural engineers are often involved in a construction project. The structural engineer for the project, part of the design phase, will be responsible for the structural design of the building. The suppliers are responsible for the production of the structural elements designed by these structural engineers. To do so, the supplier teams usually integrate another structural engineer. In some cases, technicians are responsible for the production based on plans signed by an engineer. When the suppliers are asked to produce the specified elements for a specific building, they will do so in accordance to the structural plans transferred by the structural engineer from the design phase. Usually the two engineers will exchange until they reach an agreement. Most of the time, the engineers working for the suppliers have the most experience related to their installations and are aware of production capabilities and therefore need to transfer this knowledge. This is to ensure that the structural elements suggested by the structural engineer are producible. The structural engineer for the project will then have to respect these specifications. These common steps or adjustments explain why suppliers are sometimes involved in the design phase meetings and process.



“Along the way, the intention was that we were going to be the supplier of the main numbering system. So we participated in those meetings and in that creative phase without getting paid but knowing that if this project becomes a reality, then we will get the contract. […] It is good because if they hadn’t done it like that, if they told the engineers and architects that you have to make the plans without any influence of any supplier or installer at all, then it would have been very likely that the design would have been too expensive or maybe too risky for […] and other companies to price because they don’t know the plants good enough or well enough and they would have thought that they’ll be okay. […] Then the project would maybe not be realized” (A018).



The behaviour of these suppliers contradicts the literature’s view of normal construction project interactions. The examples of supplier involvement in the early stages of projects go against the idea of highly adversarial and fragmented approaches to relationships often present in the construction supply chain [18,59,60], which is interesting to point out.




P3—Relations between Architects and Supplier-Builders


This type of relationship is less common meaning they occur less often. Some architects might have ideas at the concept stage and not be sure about what pieces of timber could be produced by a given supplier. To get to know each other, these two stakeholders can meet to discuss the possibilities. A very interesting case revealed by this study is where an architect visited the supplier-builder plant to find a solution to produce a beam which the supplier had refused to do. “Through the process, I went to […] to discuss those beams because in the beginning, they couldn’t do it. […] and when I left in the afternoon, it was possible” (A021). Together, they finally found a solution and the beam was produced. This specific example shows how more involvement from the stakeholders can favour timber use.



Relationships occurring on specific structural timber building projects have been noted. Data also reveals other relationships between stakeholders allowing the development of the structural timber building industry.





3.1.3. Third Level—“Structural Timber Building Industry Development (I)” Relationships


The “structural timber building industry development (I)” relationships are represented by the orange arrows on Figure 6. To develop their markets, suppliers and supplier-builders need to work on customer relationships. Mainly through their marketing strategies, participation to conferences, respective websites, media presence, private customer relationships and visits, the suppliers appear to create links with most members of the supply chain. Results demonstrate that the suppliers try to connect with real estate developers: I1—Relations between the suppliers and the real estate developers. End-users, future building or apartment renters thus clients, are also part of the supplier’s marketing strategies. These actors can influence the selection of timber as the preferred material and the suppliers would like to convince them that timber is the best material to use in many cases: I2—Relations between the suppliers and the clients. Architects and engineers, the concept actors, are also reached by the suppliers to make sure they learn about new timber constructive systems: I3—Relationships between suppliers and architects and I4—Relationships between suppliers and engineers. Same as with the builder: I5—Relationships between suppliers and builders, this relationship implies a lot of knowledge transfer to builders about how to build the structure. Timber involves new ways of working and builder employees can be overwhelmed by new work methods or by the implementation of different processes. The following quote might explain why some suppliers integrate the building services into their value proposition: “The challenge is to convince the entrepreneurs to try new things. And it’s all timber buildings. They don’t know how to do it and they give a little bit higher price. So it’s more expensive because they don’t know how to do it.” (A019).



Similarly, in order to develop their markets, supplier-builders will establish relationships with the real estate developers, the architects and the structural engineers. The real estate developers need to learn about timber buildings: I6—Relations between suppliers-builders and real estate developers. For optimum design, the architect should be aware of the specifications offered by the timber supplier-builder plant. When this information is shared, it can substantially simplify the intersection between the concept and the construction phases: I7—Relations between supplier-builders and architects. As explained earlier, the engineers responsible for the design of the building should know the supplying plant’s capabilities before designing and detailing a structure to save time, effort and energy: I8—Relations between supplier-builders and engineers. The supplier-builders will also need to sell their products and services to the clients. Potential clients of new buildings will also be targeted by the marketing plan of the supplier-builder: I9—Relations between supplier-builders and clients. For one of the supplier-builder companies studied, producing and delivering a highly specialized product and service means that the clients come by themselves. This is the case of a company prefabricating building modules. Clients are aware of these products and word spreads without unfolding any marketing strategy.



Relations between architect’s professional corps themselves have also been witnessed: I10—Relations between architects. The nature of this relationship is a bit different. It occurs within the same stakeholder category. The interviews revealed a situation where a leading architecture firm specializing in structural timber building offered timber building design training to other architect firms. “Last week, it was the company from […], an architect office. They phoned and wanted to come down to learn. We take money for doing that—they have to pay” (A019). Another architect firm also mentioned the tendency to get together and help each other when designing for timber. Although this firm is leading the field, they do not fear sharing their knowledge. Their objective is to see timber building market shares grow and not simply remaining the best.






4. Discussion


In this section, elements seen as facilitators to the increase of timber use as a structural material will be discussed. Data collected made clear that stakeholders entering the structural timber building field need to adopt a new cultural mindset. The relationships involved in structural timber building projects are closer to a network than a linear chain. Relationships shared are also closer to collaboration than simple transactional relationships. Some procurement methods facilitating the use of timber as a structural material and prefabrication can be seen as a way to diminish the number and complexity of the relationships and thus, act as an accelerator to the use of timber as a structural material.



4.1. A Cultural Mindset Switch Is Needed


The culture of the construction industry needs to keep changing if timber used as a structural material is to become more popular. For instance, Akintoye et al. [25] showed that partnership/collaboration agreements between contractors, suppliers and clients are more common but they also referred to workplace culture as a barrier to partnerships/collaboration in the implementation of SCM. Following this idea, the construction industry culture is limiting partnerships and collaboration within the timber construction value creation chain. Although many legal aspects cannot be changed easily, the way the supply chain’s actors behave can be modified. In his book, Morgan [61] explains that organizations have their own cultural contexts, “system of knowledge, ideology, values, laws and day-to-day ritual.” The industry should be able to see a value network rather than a linear chain while thinking “collaboration” rather than simple relations transactions. These two deductions are explained in the following paragraphs.



4.1.1. From the Linear Construction Supply Chain to a Value Network


“Supply chains are so called because they describe a process where companies communicate with each other in a linear manner” [62]. The arrow network represented in Figure 6 indicates how stakeholders do not always follow a linear mode in their interactions. In fact, communication and relationships between the actors look more like a network than a linear chain. For instance, London et al. [54] insisted on the fact that the majority of parties taking part in a construction project “is largely a network of small to medium enterprises” based on network sourcing concepts and “aiming to foster risk sharing and engender stability in contractual chains.” Tennant et al. [63] pointed out the existence of a less studied hybrid form of organizational governance, clans. According to Ouchi [64], clans would take form in “technologically advanced or closely integrated industries, where teamwork is common, technologies change often and therefore individual performance is highly ambiguous.” To be able to cope with the unknown technology development rates and technology interdependencies involved in the building industry, multi-technology firms—the architects, the engineers, the main contractors, the builders and the timber elements suppliers—need to maintain “loose couplings networks” meaning close relationships to ensure they will have access to equipment, components and specialized knowledge when needed [65]. Overall, since risks, uncertainties and unavailable information are common when using a timber structure, networking should be favoured. Prefabrication helps preventing those difficulties and it is discussed in the Section 4.3.




4.1.2. From Simple Relations … to Collaboration


As stated before, building with a timber structure is still new to the industry or at least its adoption is still in its early phase. The interviews have shown how deep communication and interactions is needed in the building process when using structural timber and how there is in fact a need for collaboration to innovate. Stakeholders of the structural timber building supply chain or value network seem to collaborate rather than simply interact. As mentioned in the literature and in the first part of the article, collaboration is needed which is not new to the construction industry. Many studies have been conducted on partnering and collaboration. Barratt [66] suggested that a supply chain where customers buy services is an appropriate context for collaboration. The literature demonstrates a tendency to focus on project partnering between clients and contractors as well as on formal tools to develop these relationships [31]. Meng [67] proved that: the “UK construction industry as a whole has experienced an important change and moved toward supply chain collaboration.” However, the construction industry context makes it unlikely for partnering to reach outside the project level. As Gadde et al. [68] argued: “Taking the step to strategic partnerships would require modification of some of the basic assumptions and norms of industry efficiency.” In fact, collaboration is easier to accomplish when the procurement strategy allows it, meaning when the design and the construction phases are led simultaneously. Even here collaboration is first and foremost a story of human behaviour and we are witnessing the emergence of many tools to facilitate it: Building Information Modelling, lean manufacturing and prefabrication to mention only them.





4.2. Some Methods for Awarding Contracts Facilitate Collaboration and Innovation


When actors in the construction phase are involved in the concept or the design phase, the relationships developed are more likely to become collaborative. Design-Build for instance will increase proximity in a project [69]. Rosner et al. [70] demonstrated that performance is significantly better in terms of cost growth and the number of modifications per million dollars when using Design-Build compared to the traditional Design-Bid-Build contract type. The Swedish “Total entreprenor” contract type used in the Scandinavian area also favours collaboration. Procurement systems is one of the six main factors identified that influence innovation in the building and construction industry [58,71]. In fact, it has been demonstrated in the literature that the more innovative a project is, the less traditional contract procurement modes are needed. For example, Traditional modes do not help LEED or Zero energy 1 innovative philosophies [32].




4.3. Prefab: A Collaboration Accelerator


Some of the actors met have chosen to enter the prefabricated light frame or massive timber structural systems product market. Decreased construction times and increased quality are the main advantages of prefabricated systems in the construction industry [72,73,74,75,76,77,78]. Waugh [79] specifically mentioned how construction projects using Crossed Laminated Timber (CLT) as the structural material allow field times to be reduced if compared to the use of concrete and steel. Cox et al. [75] listed the following obstacles to prefabricated systems in the construction industry: “poor current education within the industry regarding prefabricated practices, the archaic nature of the industry lacking trust, reluctance to embrace new and innovative techniques and the absence of a proven holistic and encompassing evaluation technique to provide accurate and reliable comparisons between differing construction methods.”



From the sample, it also appears that prefabrication in the building sector can be viewed as a collaboration enabler. If a company decides to incorporate building services into its value proposition, the number of actors involved in the supply chain becomes limited and collaboration can be optimized with client relationships existing within the same entity. Collaboration within the same organization is probably easier than between two companies from the same supply chain. Asad et al. [80] pointed out that “innovative thinking across the supply chain can offer the clients and service providers key benefits in terms of adaptability, financial growth and improved service delivery.” Thus, prefabrication seen as innovative thinking could favour the structural timber building industry.





5. Conclusions


To summarize, this research demonstrated the numerous relationships involved in the structural timber building supply chain. Existing and possible collaboration patterns were demonstrated. The most striking collaboration example is the need for timber elements suppliers to establish relationships with all members of the value chain to familiarize them with their products and increase their use. The specific relationships emerging between timber elements suppliers and project engineers are of utmost importance. As timber construction is revitalizing but is still not a common practice, these two stakeholders need to strengthen their collaboration to better understand each other and share on production possibilities and project design options. This collaboration ensures the best structural results for projects. Collaboration relationships were divided into three levels. 1—Contractual, 2—Timber building project and 3—Structural timber building industry development relationships. The first two levels are well defined; their nature is respectively legal and based on projects. Level 3 relationships aim towards better timber structural material adoption and utilization because they imply knowledge transfers and strengthening of expertise. The results have shown the cultural transition needed in the timber building industry: Thinking about a value network rather than a linear chain and favouring collaboration between members of the network rather than simple transactional relationships. The results also demonstrated contract procurement modes where stakeholders from both phases, design and construction, work closely together from the beginning to the end of the project better suit the structural timber building industry. Finally, in the timber building projects studied, the use of prefabricated elements and modules facilitated project erection and realization. These systems are facilitators to the growth of the structural timber building industry since they limit the numbers of stakeholder relationships involved in the construction process and bring collaboration within the same organization. Further research could aim to identify pathways to establish and improve these collaboration relationships. Good examples could be extracted from other building material industries.
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Figure 1. Current procurement structure (Broft et al. [33]; reprinted with permission: Emerald). 
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Figure 2. Phases in a typical construction project (Behera et al. [14]; reprinted with permission: Taylor and Francis). 
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Figure 3. Design and construction phases of a curtain wall (Klein [34]; reprinted with permission: Klein). 
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Figure 4. Traditional building information value chain model (Hui et al. [35]; reprinted with permission: IOP PUBLISHING, LTD). 
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Figure 5. Typical structural timber building supply chain. 
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Figure 6. “Contractual (C),” “timber building project (P)” and “structural timber building industry development (I)” relationships involved in a structural timber building project. 
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Figure 7. Law of diffusion curve, adapted from Rogers [55]. 
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Table 1. Selection of timber structure projects used to initiate contacts with supply chain members.
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	Building Number
	Building Name
	Country
	Type of Building





	1
	Tamedia Headquarters
	Switzerland
	Offices



	2
	Esmarchstrasse 3
	Germany
	Multi-family



	3
	H8 Bad Aibling
	Germany
	Multi-family



	4
	Lifecycle Tower One
	Austria
	Offices



	5
	Stadthaus Murray Groove
	England
	Multi-family



	6
	Bridport House
	England
	Multi-family



	7
	Limnologen
	Sweden
	Multi-family



	8
	Via Cenni
	Italy
	Social housing



	9
	Forté Building
	Australia
	Multi-family



	10
	Treet
	Norway
	Multi-family



	11
	Vannesla Library & Cultural Centre
	Norway
	Library



	12
	City Academy
	England
	School



	13
	Dalston Lane
	England
	Multi-family



	14
	Dougrie Drive
	Scotland
	Social housing



	15
	Tennishall Södra Climate Arena
	Sweden
	Tennis hall
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Table 2. Number of supply chain actors interviewed per category.






Table 2. Number of supply chain actors interviewed per category.





	Expert Categories
	Number of Interviews





	Architects
	9



	Structural engineers
	6



	Builders
	3



	Timber elements suppliers
	3



	Suppliers-builders
	3



	Timber board supplier
	1



	Timber building technology developers
	2
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